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Virtex-7 Products  
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What is Xilinx Series-7 

Low cost / low power 

(equivalent to Spartan-6) 

Mid cost and performance, 

decent amount of I/O pins 

(equivalent to medium to large Virtex-6) 

Maximum performance 

lots of gigabit serial I/O 

(more than all previous Virtex-6) 
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Comparing Virtex-4, -5, -6, and -7  

Virtex FPGAs Available in a 35mm x 35mm BGA Package 

 Virtex family cell geometry: 

 Virtex-4 = 90nm 

Virtex-5 = 65nm 

Virtex-6 = 45nm 

Virtex-7 = 28nm 
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LX155T 

LX40 
SX55 

LX/FX60 LX80 LXFX100 

LX160 

Virtex-4 

Virtex-5 

Virtex-6 

Virtex-7 

 Virtex 7 - “Half the Power” 

• Various power management techniques from 

hardware design to software for optimizing IP  
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Virtex-7:                                                               70% 

Virtex-6:                                                                                                  100% Relative I/O 

Power 

Virtex-7:                   35% 

Virtex-6:                                                                                                  100% Relative Maximum 

Static Power 

Virtex-7:                                                                     75% 

Virtex-6:                                                                                                  100% Relative Dynamic 

Power 

Virtex-7:                                                                                                  3600 

Maximum 

DSP48E1 Slices 

Virtex-6:                      2016 

Maximum Gigabit 

Serial Rate  

Virtex-6:                  11.1 GHz 

Virtex-7:                                                                                            28.1 GHz 

Virtex-6:                        759k Maximum 

Logic Cells Virtex-7:                                                                                              1,955k 

Virtex-6:                           38 Mbits Maximum 

Block RAM Virtex-7:                                                                                             85 Mbits 

Maximum PCIe 

Data Rate 

Virtex-6 (Gen 2 x8)                              4 GB/sec 

Virtex-7 (Gen 3 x8)                                                                        8 GB/sec 

Max Configurable 

Logic Blocks 

Virtex-6:                   118,500 

Virtex-7:                                                                                              305,400 

Relative Comparisons: Virtex-6 and -7 
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Pentek Introduces Virtex-7  

 New family of Software Defined Radio modules 

 Radar, Communications and Data Acquisition Applications 

 Strategic extension of Virtex-6 Cobalt product line 

 Virtex-7 FPGA enhances signal processing and lowers power  

 Takes advantage of all Cobalt front ends: A/Ds, D/As, etc. 

 Doubles PCIe interface speed and doubles SDRAM resources 

 Easy software, hardware and FPGA migration paths from Cobalt 

 XMC, PCIe, cPCI and VPX form factors 
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Cobalt & Onyx Modular Front End I/O 
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Model 71660 Virtex-6           XMC 

VCXO FPGA 

VIRTEX-6 LX130T, LX240T, LX365T, SX315T or SX475T 

FLASH 

32 MB 

16 

40 

P14 PMC 

FPGA       

I/O 

x8 

P15 XMC 

PCIe 

x4 x4 

P16 XMC 

VITA 42.x 

16 

QDRII+ 

SRAM    

8 MB 

16 

DDR3 

SDRAM    

256MB 

DDR3 

SDRAM    

256MB 

DDR3 

SDRAM    

256MB 

DDR3 

SDRAM    

256MB 

Optional memory configurations 

 

LVDS 

 

GTP 

 

GTP 

 

GTP 

16 

QDRII+ 

SRAM    

8 MB 

16 16 

QDRII+ 

SRAM    

8 MB 

16 16 

QDRII+ 

SRAM    

8 MB 

16 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA Module 

Sample Clk / 

Reference Clk In 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

A/D Clock Bus 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 I/O Module 
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TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

FLASH  

1 GBit 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

Model 71760 Virtex-7             XMC 

Sample Clk / 

Reference Clk In 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

A/D Clock Bus 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 I/O Module 
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TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

FLASH  

1 GBit 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

FPGA Resources 

 

Resource LX130T LX240T SX315T LX365T SX475T 

Logic Cells 128k 241k 315k 364k 476k 

DSP Slices 480 768 1344 576 2016 

 

      VX330T VX485T VX690T 

      326k 486k 693k 

      1120 2800 3600 
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Virtex-6 & Virtex-7 DSP/Logic Mix 

Logic Cells 

D
S
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e
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LX365T 

35 mm & 42.5 mm packages 
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Virtex-6 & Virtex-7 Logic Cell Price Curves 

Logic Cells 
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35 mm & 42.5 mm packages 
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Virtex-6 & Virtex-7 DSP Slice Price Curves 

DSP Slices 
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LX365T 

35 mm & 42.5 mm packages 

VX330T 

VX485T 

VX690T 



13 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

FLASH  

1 GBit 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

 

Memory Type Size R/W Cycle Speed  

DDR3 SDRAM 2 GB 800 MHz DDR  

 

   Size R/W Cycle Speed 

   4 GB 1600 MHz DDR 

DDR3 Memory Resources 
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TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

FLASH  

1 GBit 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

PCIe Gen 3 Interface 

 

Memory Type Lanes Peak Rate 

PCIe Gen 1 x8 2 GB/sec 

PCIe Gen 2 x8 4 GB/sec 

PCIe Gen 3 - -  

 

   Lanes Peak Rate 

   x8 2 GB/sec 

   x8 4 GB/sec 

   x8 8 GB/sec  
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Measured results with 200 MHz clock and 70 MHz input signal 

Plot goes here 

A/D Analog Performance 
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Measured Results with 70 MHz sine out & 800 MHz sample rate 

D/A Analog Performance 
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Health Monitoring System 

 10 on-board temperature sensors 

 9 on-board voltmeters monitor critical power supplies 

 2 on-board ammeters measure both 12V and 3.3V supply current 

 Power management circuits shut down power to unused components 

A 

A 

A 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 
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TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

FLASH  

1 GBit 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

PCIe FPGA Initialization 

 FPGA Initialization Problem 

 PCIe Interface MUST be active  

within 100 msec of power up to  

be enumerated by the host CPU 

 If not, the board is never recognized  

by the system 

 In large FPGAs, the PCIe interface can 

take longer than 100 msec to configure ! 

Host 

Computer 

P15       

PCIe    Gen3 
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TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe    Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

FLASH  

1 GBit 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

Host 

Computer 

PCIe FPGA Initialization 

 Onyx PCIe Configuration Manager 

 Presents an immediate temporary PCIe 

end point to the host at power on 

 Host CPU successfully enumerates the 

board during system boot 

 Configuration space parameters are 

stored in the PCIe configuration manager 

 After final FPGA PCIe interface has been 

installed, configuration space parameters 

are automatically passed into the FPGA 

PARAMS 

PARAMS 
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FLASH  

Application #2 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe    Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

Host 

Computer 

PCIe FPGA Initialization 

PARAMS 

 Onyx PCIe Configuration Manager 

 Before new FLASH image is loaded 

saves PCIe configuration parameters  

 Allows complete reconfiguration of FPGA 

from FLASH under software control 

 Restores the configuration parameters 

after FLASH image is loaded 

 Eliminates the need to reboot the system  

FLASH  

Application #1 

PARAMS 

FLASH  

Application #1 

FLASH  

Application #2 
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FLASH  

Application #2 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

VCXO 
FPGA 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16       

VITA 42.x 

GTX 

48 

P14 

FPGA I/O 

x8 

P15       

PCIe    Gen3 

x8 PCIe 

Gen3 

FPGA Module 

(main board) 

LVDS 

ONYX PCIe               

CONFIGURATION    

MANAGER                

FPGA 

Configuration 

Bus 

PCIe 

SWITCH 

PCIe GTX 

Config 

Port 

PCIe 

Host 

Computer 

PCIe FPGA Initialization 

PARAMS 

 Onyx PCIe Configuration Manager 

 Before the new FPGA bitstream is loaded, 

saves PCIe configuration parameters  

 Allows host to completely reconfigure the 

FPGA under software control over PCIe 

 Restores the configuration parameters 

after image is loaded 

 Eliminates the need to reboot the system 

FLASH  

Application #1 

PARAMS 

FLASH  

Application #1 

HOST 

APPLICATION 

 

 Important for secure IP configuration – 

contents of FPGA is lost at power down  
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Cobalt & Onyx Modular Front End I/O 
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Model 71760 Quad A/D 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 

Sample Clk / 

Reference Clk In 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

A/D Clock Bus 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

I/O Module 16 16 16 16 

 A/Ds 

 Texas Instruments ADS5485  

 Four 200 MHz, 16-bit 

channels 

 Multi-channel 

Synchronization 

 

VCXO 
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Model 71730 1 GHz A/D & D/A 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 
 A/D 

 Texas Instruments ADS5400  

 1 GHz, 12-bit 

• D/A 

• Texas Instruments 

DAC5681Z 

• 1 GHz, 16-bit 

• Interpolation of 2x or 4x 

Sample Clk / 

Reference Clk In 

1 GHz      

16-BIT D/A 

RF 

XFORMR 

32 

A/D Clock Bus 

D/A Clock Bus 

RF 

XFORMR 

RF In 

1 GHz 

12-BIT A/D 

12 

RF Out 

VCXO 



25 

Model 71740 3.6 GHz A/D 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 
 A/D 

 Texas Inst ADC12D1800  

 Single channel mode 

 3.6 GHz, 12-bit 

 Dual channel mode 

 1.8 GHz, 12-bit 

 Memory Buffering 

 Real-time capture to SDRAM  

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

Sample Clk 

A/D Clock 

RF In RF In 

RF 

XFORMR 

12 

RF 

XFORMR 

12 

Single channel mode 

3.6 GHz, 12-BIT A/D 
 

Dual channel mode 

1.8 GHz, 12-BIT A/Ds 

Gate In 

PPS / Gate / Sync 

Reset In 
Ref Clock In 

Ref Clock Out 
Timing / Sync 

Timing 

VCXO 
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Model 71750 A/D & D/A 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 
 A/Ds 

 Texas Instruments ADS5463  

 Two 500 MHz at 12-bits 

• D/As 

• Texas Instruments DAC5688 

• Two 800 MHz, 16-bit channels 

• Interpolation of 2x, 4x or 8x 

• Digital Upconverter 

Sample Clk / 

Reference Clk In 

800 MHz  

16-BIT D/A 

800 MHz  

16-BIT D/A 

RF 

XFORMR 

RF 

XFORMR 

32 

RF 

XFORMR 

RF In 

500 MHz 

12-BIT A/D 

12 

A/D Clock Bus 

D/A Clock Bus 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

500 MHz 

12-BIT A/D 

12 

RF Out RF Out 

DIGITAL UPCONVERTER 

VCXO 
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Model 71750-014 A/D & D/A 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 
 A/Ds 

 Texas Instruments ADS5474  

 Two 400 MHz at 14-bits 

• D/As 

• Texas Instruments DAC5688 

• Two 800 MHz, 16-bit channels 

• Interpolation of 2x, 4x or 8x 

• Digital Upconverter 

Sample Clk / 

Reference Clk In 

800 MHz  

16-BIT D/A 

800 MHz  

16-BIT D/A 

RF 

XFORMR 

RF 

XFORMR 

32 

RF 

XFORMR 

RF In 

400 MHz 

14-BIT A/D 

12 

A/D Clock Bus 

D/A Clock Bus 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

400 MHz 

14-BIT A/D 

12 

RF Out RF Out 

DIGITAL UPCONVERTER 

VCXO 
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Model 71770 Quad D/A 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 
 DUCs and D/As 

 Texas Instruments DAC3484 

 Four 1.25 GHz, 16-bit D/As 

 Four digital upconverters 

 Interpolation: x2, x4, x8 or x16 

 250 MHz maximum signal 

bandwidth per channel 

VCXO 

Sample Clk / 

Reference Clk In 

D/A Clock Bus 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

1.25 GHz  

16-BIT D/A 

RF 

XFORMR 

RF Out 

DIGITAL 

UPCONVERTER 

1.25 GHz  

16-BIT D/A 

DIGITAL 

UPCONVERTER 

RF 

XFORMR 

RF Out 

1.25 GHz  

16-BIT D/A 

RF 

XFORMR 

RF Out 

DIGITAL 

UPCONVERTER 

1.25 GHz  

16-BIT D/A 

DIGITAL 

UPCONVERTER 

RF 

XFORMR 

RF Out 

32 I+Q 32 I+Q 32 I+Q 32 I+Q 
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Model 71790 L-Band Tuner 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus  RF Tuner 

 Maxim MAX2112   

 RF In: 925 MHz to 2175 MHz 

 Monolithic VCO 

 Variable BW Filters: 4 to 40 MHz 

 A/Ds 

 Two 200 MHz, 16-bit, I + Q 

VCXO 

Sample Clk / 

Reference Clk In 

A/D Clock 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

200 MHz 

16-BIT A/D 

16 

12-bit D/A 

XTAL 

OSC 

Q 

Baseband I 

Baseband Q 

AGC In 

12 

RF In 
Ref In 

Ref In 

200 MHz 

16-BIT A/D 

16 

I 

LNA 

VCO 

925 – 2175 MHz 
Low Pass 

4 – 40 MHz 

Control 

Ref Out 

Q 

I 
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Model 71711 Quad Serial FPDP 

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 

Single/Multimode 
Fiber or Copper 

Transceiver 

Serial FPDP I/O 

Optical LC or 
Copper RJ-45 

Connector 

Single/Multimode 
Fiber or Copper 

Transceiver 

Serial FPDP I/O 

Optical LC or 
Copper RJ-45 

Connector 

Single/Multimode 
Fiber or Copper 

Transceiver 

Serial FPDP I/O 

Optical LC or 
Copper RJ-45 

Connector 

Single/Multimode 
Fiber or Copper 

Transceiver 

Serial FPDP I/O 

Optical LC or 
Copper RJ-45 

Connector 

 Four Serial FPDP I/O Ports 

 Flow Control   

 Copy/Loop Mode 

 CRC 

 Transmit & Receive 

 Three Link Rates 

 1.0625, 2.125, and  

2.5 Gbaud 

 Interfaces 

 Single mode fibre 

 Multimode fibre 

 Copper 
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Model 71720 A/D & D/A 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 
 A/Ds 

• Three 200 MHz, 16 bit A/Ds 

• Texas Inst ADS5485 

 D/As 

• Two 800 MHz, 16 bit D/As 

• Texas Inst DAC5688 

• Interpolation of 2x, 4x or 8x 

• Digital Upconverter 

VCXO 

Sample Clk / 

Reference Clk In 

800 MHz  

16-BIT D/A 

800 MHz  

16-BIT D/A 

RF 

XFORMR 

RF 

XFORMR 

32 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF Out RF Out 

DIGITAL UPCONVERTER 
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Model 71720 A/D & D/A 

Sample Clk / 

Reference Clk In 

800 MHz  

16-BIT D/A 

800 MHz  

16-BIT D/A 

RF 

XFORMR 

RF 

XFORMR 

32 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF Out RF Out 

DIGITAL UPCONVERTER 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 

N M 

Divide by 

1, 2, 4, 8 or 16 

A/D Clock Bus 

Divide by 

1, 2, 4, 8 or 16 

D/A Clock Bus 

VCXO 

 Programmable VCXO 

• Frequency resolution: 32-bits 

• Low jitter performance 

 Sample Clock Generator 

• Programmable dividers to 

create different clocks for  

A/D and D/A sections 
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Model 71720 A/D & D/A 

Sample Clk / 

Reference Clk In 

800 MHz  

16-BIT D/A 

800 MHz  

16-BIT D/A 

RF 

XFORMR 

RF 

XFORMR 

32 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

Sample Clk 

TTL Gate / Trig 

TTL Sync / PPS 

Sync Clk 

Gate A 

Gate B 

Sync 

PPS 

Timing Bus 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF 

XFORMR 

RF In 

200 MHz 

16-BIT A/D 

16 

RF Out RF Out 

DIGITAL UPCONVERTER 

TIMING BUS 

GENERATOR 

 

Clock / Sync / Gate / PPS  

FPGA 

VIRTEX-7 VX330T, VX485T, or VX690T 

32 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

DDR3 

SDRAM    

1 GB 

32 32 32 x4 x4 

P16 

VITA 42.x 

 

GTX 

 

GTX 

48 

P14 

FPGA I/O 

x8 

P15  

PCIe Gen3 

x8 PCIe 

Gen3 

 

LVDS 

FLASH  

1 GBit 

ONYX PCIe 

CONFIGURATION 

MANAGER 

FPGA 

Configuration Bus 

N M 

Divide by 

1, 2, 4, 8 or 16 

A/D Clock Bus 

Divide by 

1, 2, 4, 8 or 16 

D/A Clock Bus 

VCXO 

 External Sample Clock 

• External sample clock in 

replaces VCXO clock 

 LVPECL Timing Bus Clock 

• Master (out) or slave (in) 

 Phase Locked Loop 

• Locks VCXO to external 

5 or 10 MHz reference in 

PLL 
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Scalable Multi-board Synchronization 

 Up to four modules can be synchronized 

by joining them with the front panel ribbon 

cable 

 The model 7893 PCIe clock board can 

synchronize up to eight 78720 modules 

 The Model 9193 1U rack mount clock 

generator synchronizes 15 78720 modules  

 

Clock  

Gate A 

Gate B 

Sync 

PPS 

Master Slave Slave Slave Term 

PPS In 

Sync In 

LVPECL Cable In 

Mux 

Buffer 

LVPECL Cable Out 

Ref/Clock In 

Trigger/Gate In 

PLL VCXO 

USB Interface 
USB Control 

78720 

78720 

78720 

78720 

78720 

78720 

78720 

78720 

Model 7893 

PCIe Clock/ 

Sync Generator 
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0x32 

 0x33 

 0x34 

 0x35 

 0x36 

 0x37 

 0x38 

 0x39 

 0x3A 

 0x3B 

 0x3C 

 0x3D 

 0x3E 

 0x3F 

 0x40 

 0x41 

System or 

Local Memory 

010010010101000 

010010100101001 

1001010100101000 

1001001010010101 

1001001010010101 

1001001010010101 

0010010110110100 

0010010010100000 

1110001000101000 

1110000010010001 

1001001010010010 

1001001010010001 

0010010010100100 

0000111001001001 

0000111001001001 

0010010010101001 

0x42 

 0x43 

 0x44 

 0x45 

 0x46 

 0x47 

 0x48 

 0x49 

 0x4A 

 0x4B 

 0x4C 

 0x4D 

 0x4E 

 0x4F 

 0x50 

 0x51 

010010010101000 

010010100101001 

1001010100101000 

1001001010010101 

1001001010010101 

1001001010010101 

0010010110110100 

0010010010100000 

1110001000101000 

1110000010010001 

1001001010010010 

1001001010010001 

0010010010100100 

0000111001001001 

0000111001001001 

0010010010101001 

Trigger 

D/A Waveform Generation Linked List 

RAM LENGTH RAM OFFSET REPEAT LENGTH DELAY LINK NEXT LINK CONTINUE 

8 0x36 3 24 7 1 1 3 1 

6 0x48 2 6 15 2 
 

 
1 0 

4 0x43 5 4 9 3 4 1 

5 0x3C 9 5 5 4 2 1 

Trigger Trigger Trigger 

64 

D/A Waveform Generation Engine 
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A/D Acquisition Linked List Engine 

A/D Linked List Table 
REPEAT LENGTH DELAY LINK 

Trigger 

NEXT LINK CONTINUE 

time 

DELAY 

REPEAT 

(x1) 

REPEAT 

(x2) 

DELAY LENGTH 

acquire data acquire data 

1 1 

LENGTH 

2 

3 

4 

64 

2 

3 

4 

 

 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Address 0x32 

 0x33 

 0x34 

 0x35 

 0x36 

 0x37 

 0x38 

 0x39 

 0x3A 

 0x3B 

 0x3C 

 0x3D 

 0x3E 

 0x3F 

 0x40 

 0x41 

Memory 

010010010101000 

010010100101001 

1001010100101000 

1001001010010101 

1001001010010101 

1001001010010101 

0010010110110100 

0010010010100000 

1110001000101000 

1110000010010001 

1001001010010010 

1001001010010001 

0010010010100100 

0000111001001001 

0000111001001001 

0010010010101001 

DMA transfer 

to host computer 
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0 3 8 5 2 

0 3 2 8 5 

1 0 2 4 8 

0 1 6 3 1 

A/D Meta Data  

ADC Meta Data 

Sample Clock Offset 

PPS Count 

Trigger Number 

Gate Number 

ADC Channel 

Sample Count 

Destination Address 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Address 0x32 

 0x33 

 0x34 

 0x35 

 0x36 

 0x37 

 0x38 

 0x39 

 0x3A 

 0x3B 

 0x3C 

 0x3D 

 0x3E 

 0x3F 

 0x40 

 0x41 

Memory 

010010010101000 

010010100101001 

1001010100101000 

1001001010010101 

1001001010010101 

1001001010010101 

0010010110110100 

0010010010100000 

1110001000101000 

1110000010010001 

1001001010010010 

1001001010010001 

0010010010100100 

0000111001001001 

0000111001001001 

0010010010101001 Link # 

 Meta Data contains time stamp and data capture 

information 

02385 

05328 

18024 

01163 

Ch 1 

42 

1889464 

0x275D6871 



38 

A/D Meta Data Packet Header 

ADC Meta Data 

Sample Clock Offset 

PPS Count 

Trigger Number 

Gate Number 

ADC Channel 

Sample Count 

Destination Address 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Address 0x32 

 0x33 

 0x34 

 0x35 

 0x36 

 0x37 

 0x38 

 0x39 

 0x3A 

 0x3B 

 0x3C 

 0x3D 

 0x3E 

 0x3F 

 0x40 

 0x41 

Memory 

010010010101000 

010010100101001 

1001010100101000 

1001001010010101 

1001001010010101 

1001001010010101 

0010010110110100 

0010010010100000 

1110001000101000 

1110000010010001 

1001001010010010 

1001001010010001 

0010010010100100 

0000111001001001 

0000111001001001 

0010010010101001 Link # 

Meta Data contains time stamp and data 

capture information 

02385 

05328 

18024 

01163 

Ch 1 

42 

1889464 

0x275D6871 

A/D DATA PACKET A/D DATA PACKET A/D DATA PACKET 

DMA Transfers from Onyx memory to PC memory  
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First 2 digits determine form factor  

Form Factors & Numbering 

XMC 1 717xx 

Form Factor Number 

 of XMCs 

Model 

3U VPX 1 537xx 

PCIe Half Length 1 787xx 

PCIe Full Length 1 777xx 

PCIe Full Length 2 797xx 

3U cPCI 1 737xx 

6U cPCI 2 747xx 

6U cPCI 1 727xx 

71760 XMC 

53760 3U VPX 

73760 3U cPCI 

78760 PCIe 

Last Digit specifies enhanced IP  
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Onyx Virtex-7 Products 

   A/D Converters D/A Converters  

   Qty Rate Bits Qty Rate Bits Installed IP and Other Features 

  71760 4 200 MHz 16  

  71761 4 200 MHz 16    4 DDCs, Beamform Summation  
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. 

71761: 4 Ch DDC & Beamformer Module 

RF 

XFORMR 

AD6645       105 

MHz       14-bit 

A/D 

CLOCK & 

SYNC 

GENERATOR 

CH A      

RF In 

CH B      

RF In 

Sample 

Clock In 

 
Clock/ 

Sync  

Bus 

 

CH C      

RF In 

RF 

XFORMR 

ADS5485       

200 MHz       

16-bit A/D 

RF 

XFORMR 

ADS5485       

200 MHz       

16-bit A/D 

RF 

XFORMR 

ADS5485       

200 MHz       

16-bit A/D 

CLOCK & 

SYNC 

GENERATOR 

VCXO 

Virtex-7 V330T 

• Multiband Downconverter Core Decimation: 2 to 65,536 

• 4 DDCs with individually tunable frequency 

• Programmable gain and phase for each DDC 

• 4 Power Meters & Threshold Detectors 

• 4-Input Beamforming Summation engine 

• Aurora board-to-board chaining of summation  

CH D      

RF In 

RF 

XFORMR 

ADS5485       

200 MHz       

16-bit A/D 

Power Meter 

& Threshold 

Detect 

Power Meter 

& Threshold 

Detect 

Power Meter 

& Threshold 

Detect 

Power Meter 

& Threshold 

Detect 

Aurora 4X 

Port 

Sum In Aurora 4X 

Port 

Dual 4X 

Aurora 

P16 
Sum In from 

previous 71761 

Sum Out to 

next 71761 

4X 

4X 
4 Channel 

Beamform 

Summation 
Sum Out 

Sum Out 
M     

U     

X 

x4 or x8 

PCIe 

x8 PCIe 

Interface 

& DMA 

M     

U     

X 

Digital Down 

Converter A 

Decimation: 

2 to 64K 

A/D A 

A/D B 

A/D C 

M     

U     

X 

Digital Down 

Converter B 

Decimation: 

2 to 64K 

M     

U     

X 

Digital Down 

Converter C 

Decimation: 

2 to 64K 
A/D C 

FIFO 

A/D B 

A/D C 

A/D A 

M     

U     

X 

A/D C 

FIFO 

M     

U     

X 

A/D C 

FIFO 

P15 

x8 

A/D C 

M     

U     

X 

Digital Down 

Converter D 

Decimation: 

2 to 64K 
A/D D 

FIFO 
A/D D 

M     

U     

X 
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 71762 4 200 MHz 16    32 DDCs 

 71720 3 200 MHz 16 2 800 MHz 16 

 71721 3 200 MHz 16 2 800 MHz 16 3 DDCs, Beamform , Interpolator 

 71790 2 200 MHz 16    L-Band Tuner:  925 – 1275 MHz 

 71750 2 400 MHz 14 2 800 MHz 16 

 71751 2 400 MHz 14 2 800 MHz 16 2 DDCs, Interpolator up to x512k 

 71750 2 500 MHz 12 2 800 MHz 16 

 71751 2 500 MHz 12 2 800 MHz 16 2 DDCs, Interpolator up to x512k 

 71730 1 1 GHz 12 1 1 GHz 12 

 71740 2 1.8 GHz 12 

 71740 1 3.6 GHz 12 

 71770    4 1.25 GHz 16 

 71771    4 1.25 GHz 16 Quad Interpolator up to x1024k 

 71711       Quad SFPDP, VITA 17.1 

 71710       32-bit LVDS Parallel Digital I/O 

Onyx Virtex-7 Products 
   A/D Converters D/A Converters  

   Qty Rate Bits Qty Rate Bits Installed IP and Other Features 

  71760 4 200 MHz 16  

  71761 4 200 MHz 16    4 DDCs, Beamform Summation  
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ReadyFlow Board Support Package 

 High Level C-Callable Library Functions 

Eliminates tedious work on bit definitions and registers 

 Windows, Linux and VxWorks Versions 

Consistent function and parameter names are used  

Easy migration to next generation products and OS 

 Functions are pre-tested and validated 

 Initialization and control functions performed in correct order 

Speeds application development 

Slashes technical support requirements 

 Full Source Code Provided 

Allows optimization and embedding custom code 

 Example Code 

 Functional system example provides excellent  

starting place for new project code development 
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ReadyFlow Extras 

 Signal Viewer included 

in Windows and Linux  

versions 

 Command Line Engine 

 Provides an immediate  

hardware check right out  

of the box without writing  

or compiling any code 

 Pre-compiled executable 

accepts command strings 

Can be called from a  

customer’s application 

or entered manually 
C:> dacmode -chan 1 -xfersize 32768 -loop 100000 -ratediv 2 -interpolate 4 

 

 Parameters can be changed while the program is running 
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Pentek GateFlow FPGA Design Kit 

 GateFlow FPGA Design Kit 

Supports incorporation of user-developed custom FPGA IP and algorithms 

Complete Xilinx ISE Foundation Project with VHDL Source 

Supports MATLAB and SIMULINK code generation 

Standard interfaces for memory, A/Ds, D/As, PCIe, Aurora, timing & 

clocking speeds development 

 Includes Test Benches 

Supports Pentek GateFlow FPGA IP Cores – DDCs, etc. 

Virtex-7 GateFlow uses AXI compliant IP interfaces 
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Pentek GateFlow FPGA Design Kit 

Front Panel Interface 

Memory 

Controller 

Memory 

Controller 

Sync Bus 

Interface 

PCI Express Interface 

Global Registers 

FLASH Interface 

Clock 

Generator 

Timestamp 

Test 

Generator 

PCI Express Backend 

Memory 

Controller 

Memory 

Controller 

Virtex 

FPGA 

User Application Container 

Defined and documented 

interface signals Board 

Registers 
User 

Registers 

DMAs P14 

LVDS 

P16 

MGTs 

AXI Customer Accessible 

Factory Installed Examples 

A/D & D/A Control 

Data Packing & Formatting 

Meta Data Files 

Linked-List A/D Control 

Linked-List D/A Control 

http://www.pentek.com/gateflow/GateFlow.cfm


47 

Applications and Markets 

 Ground and Airborne SAR Radar Systems 

 UAV Radar and Communications 

 Radar Target Detection and Identification 

 Radar Countermeasures and Cloaking 

 Phased Array Transmit & Receive Beamforming 

 Wideband Data Recorders 

 SIGINT – Detection, Identification & Classification 

 Wideband Diversity Communications 

 Secure Battlefield and Global Communications  

 Communications Countermeasures 

 Jamming and Anti-IED  

 Wideband Data Channels – 

Voice, Video, Data, and Graphics 



48 

Pentek Website 

 Visit www.pentek.com 

 Onyx Virtex-7 71760 

Product Information 

 Register for the latest 

Virtex-7 updates and 

products 

 Use the Product 

Selector 

 

http://www.pentek.com/
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Software Radio Product Selector 

 Simplifies your search for the features you need 
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 Strategic extension of Virtex-6 Cobalt product line 

 XMC, PCIe, cPCI and VPX form factors 

 Virtex-7 FPGA 

Boosts DSP Processing & Reduces Power 

 Takes advantage of all eight Cobalt front ends 

A/Ds, D/As, DDCs, DUCs, RF Tuners, etc. 

 PCIe Gen 3 doubles PCIe interface speed to 8 GB/sec 

 SDRAM doubles in speed to 1600 MHz 

 SDRAM doubles in density to 4 GB 

 Powerful PCIe Configuration Manager 

 Voltage, temperature & current monitors 

 Easy software, hardware and FPGA 

 migration paths from Cobalt 

Features & Benefits  
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   A/D Converters D/A Converters  

   Qty Rate Bits Qty Rate Bits Installed IP and Other Features 

71660 71760 4 200 MHz 16   

71661 71761 4 200 MHz 16    4 DDCs, Beamform Summation  

71662 71762 4 200 MHz 16    32 DDCs 

71620 71720 3 200 MHz 16 2 800 MHz 16 

71621 71721 3 200 MHz 16 2 800 MHz 16 3 DDCs, Beamform , Interpolator  

71690 71790 2 200 MHz 16    L-Band Tuner:  925 – 1275 MHz 

71650 71750 2 400 MHz 14 2 800 MHz 16 

71651 71751 2 400 MHz 14 2 800 MHz 16 2 DDCs, Interpolator 

71650 71750 2 500 MHz 12 2 800 MHz 16 

71651 71751 2 500 MHz 12 2 800 MHz 16 2 DDCs, Interpolator 

71630 71730 1 1 GHz 12 1 1 GHz 12 

71640 71740 2 1.8 GHz 12 

71640 71740 1 3.6 GHz 12 

71670 71770    4 1.25 GHz 16 

71671 71771     4 1.25 GHz 16 Quad Interpolation – x2 to x1024k 

71611 71711       Quad SFPDP, VITA 17.1 

71610 71710       32-bit LVDS Parallel Digital I/O 

     

Cobalt Virtex-6 and Onyx Virtex-7 Products 


